Abstract. In the article macroeconomic relations of prices, productivity and incomes in Polish agriculture in the context of changes in the EU Common Agricultural Policy were studied. The authors have developed a macroeconomic model which explains these relations and confirms the occurrence of market failures in agriculture in Poland. The developed model proves the existence of a puzzling exchangeable relation between the real productivity of production factors in agriculture, and agricultural incomes, under conditions of adaptive expectations. It also proves that it is price scissors, not the efficiency of production, that have a dominating influence on incomes in the sector. The authors propose the hypothesis that correction of market mechanisms by government intervention in agriculture is an objective necessity. However, direct subsidies (area payments) do not have a correcting role, but reinforce King's effect.
Introduction
Agriculture is changing. In the paradigm of sustainable agriculture (Wallace 1994) , which is promoted by the EU, land provides new utilities, which are of the nature of public goods (Varian 1993; Kallhoff 2014 ). Not only is European agriculture responsible for providing food and material to be further processed, but it also occupies around 40% of the land. As a consequence it has a huge impact on the condition of the environment in rural areas, as well as on possibilities of using the environment (Baldock et al. 2010; Hvid 2015) . It is a specific feature of public goods related to agriculture and rural areas that they can be an external effect of "regular" agricultural production, a purposive effect or a common supply new paradigm. Secondly, if King's effect occurs despite the new conditions, it results from market failures, i.e. a situation where the food industry aims to apply monopoly rents and dictates prices to suppliers of raw materials, who are financially much weaker. Agricultural policy, promoting the sustainable agriculture model in the EU, cannot be indifferent to King's effect, because under these conditions it has no theoretical justification in terms of demand.
On the basis of analysis of the input-output matrix of a given sector, it is possible to assess the structure of economic rent flows in a given year and changes in their values over time. If the values of outlays and products are deflated by the suitable price indices, it will be possible to evaluate changes in real productivity (Sulmicki 1959) . Higher real productivity of a sector, for instance resulting from technical or organizational innovations, should bring additional and proportional benefits to the owners of means of production in the industry, and lower productivity should bring a residual loss. If this is not the case, it leads to "surplus drainage" (Czyżewski, Kryszak 2015) . This means that a sector does not increase its surplus (income) despite real productivity growth. Meanwhile other sectors gain profits that are not justified by changes in real productivity, but are caused only by nominal variables. The aforementioned mechanism has been observed by the authors in Polish agriculture based on historical data, leading to the conclusion that a state intervention in agriculture is not only a pure political rent while it shall also correct the market failures of public goods and information asymmetry (Czyżewski 2013a (Czyżewski , 2013b Czyżewski, Brelik 2014) The purpose of this article is to study the macroeconomic relations of prices, productivity and incomes in Polish agriculture in the context of changes that have occurred in the European Common Agricultural Policy since the 1990s. The authors have developed a macroeconomic model which explains these relations and describes the mechanism behind market failures in agriculture in Poland (and probably in other countries as well). The authors claim that the occurrence of King's effect is such a failure, as a result of adaptive expectations in agriculture, and of the information asymmetry between agriculture and its market environment. Both reasons have not hitherto been taken into consideration in models of the functioning of agricultural markets. The authors address the question of whether CAP subsidies adjust these failures, and to what degree they streamline the functioning of the market. The authors propose the hypothesis that the correction of market mechanisms in agriculture by state intervention is an objective necessity. However, direct subsidies (area payments) do not have a correcting role, but reinforce King's effect.
Theoretical dependencies of incomes, prices and productivity in agriculture -an attempt to give an analytical form of the income function
On the basis of historical data (see Table 1 ), inspiring dependencies may be observed: an exchangeable relation of income growth rate (surpluses) in agriculture with productivity delayed by one year, and proportional changes in incomes and the agricultural raw materials price gap index in Poland. This is particularly visible in the local maxima and minima of business cycles in agriculture (see in Table 1 ). Table 2 ; 3 See methodology in Table 2 ; 4 Price indices of agricultural products -agricultural goods output, including fruits and vegetables; 5 Relation between the price index of products sold by individual farms and the price index of products bought at individual farms in Poland (inflation rate included).
Source: EUROSTAT (2014); GUS (2014).
On the basis of the above data it may be assumed that price expectations in Polish agriculture are of an adaptive nature, taking the following form: 
where: e t p -expected prices within the period t; 1 e t p − -expected prices within the period t-1; P t-1 -prices within the period t-1; l -parameter.
Let us begin with the case where l is 0, and state intervention in agriculture does not occur. Here a farmer evaluates, in the period t, the change in the technical productivity of a holding (e.g. yield per hectare of utilized agricultural land) as compared to the previous year, disregarding price changes. In the language of economics we would say that the farmer, defining the value of a relation of production to input, applies fixed prices from the previous year. In the event of increasing technical productivity, he makes an economically justified decision to increase production in the following season, which should theoretically result in increased income (operating surplus). Unfortunately, expectations in the environment of the agricultural market are more rational. The increase in agricultural production resulting from higher efficiency is properly anticipated. Under conditions of low price elasticity of demand for agricultural raw materials, this results in lower incomes from sale. This is a delayed King's effect. In the following seasons, farmers adjust their evaluation of their farms' technical productivity with an error resulting from price expectations, but in view of the continued asymmetry of information (adaptive expectations in agriculture against rational expectations in its market environment), every increase in agricultural productivity is exploited by the market environment by way of a drainage of rents. Nonetheless, marginal drops in revenue become smaller (and approach zero) as a result of the aforementioned price expectation adaptation process. Despite the fact that the price elasticity of supply in agriculture is low, the possibility of substituting remunerated employment with a farmer's family's work (especially when there is hidden unemployment in agriculture), as well as the possibility of limiting consumption in a household, are the factors absorbing income drops. Another factor contributing to the slower decrease in incomes is the possibility of exporting surpluses of agricultural raw materials to regions with lower supply (under conditions of a global food deficit). In contrast, the market's reaction to lower technical efficiency and consequent lower production in agriculture is the opposite, and results in delayed growth in revenue (analogously, the main reason is the rigidity of demand for agricultural raw materials at the stage of processing). In this case, however, marginal growth of revenue is much higher, because of "food consumption compulsion" and the political dimension of the problem of food self-sufficiency and food security. In other words, the market reacts more dynamically to a deficit of food products than to a surplus.
The authors have concluded that the dependencies described above are best represented by a hyperbolic function, where incomes are negatively correlated with the real productivity of agriculture, with a one-year delay. It should be borne in mind, however, that the prices of means of production and inflation (i.e. interest rates, which determine costs of credit and exchange rates, are related to inflation) also have an effect on changes in incomes in agriculture. The dynamics of these variables are well reflected by a price gap index, calculated as the ratio of the prices of products sold at private agricultural farms to the prices of products purchased by those farms (including consumption). Taking all these factors into consideration, the authors propose the following analytical form of a macroeconomic function of incomes (surplus) in agriculture:
where: S -economic surplus rate (index, t-1 = 100) without subsidies; The above function is of a macroeconomic nature and describes what the authors consider to be universal mechanisms shaping economic surplus in an agricultural sector dominated by individual farms and in a situation where agricultural interventionism does not occur. The strength of the aforementioned relations depends, however, on the resources of own work and hidden unemployment in agriculture, the possibility of exporting agricultural raw materials, the degree of information asymmetry in the relationship of agriculture with its market environment, and the coefficients of price elasticity of demand for agricultural products and of their supply (it is assumed that these are respectively smaller than -1 and 1).
Methodology
The authors estimated the parameters of the above functions on the basis of statistical data from EUROSTAT and GUS (annual data from 1996-2013). The details of variable determination and the structure of time series are presented in Table 2 . 
compensation of employees).
Price indices of agricultural output and of means of agricultural production were used as deflators. The explanatory variable is productivity from the previous period.
Price gap GUS (2014). Time series 1994-2013
The price gap index (t-1 = 100) was calculated as a ratio of two price indices: Index of sold agricultural products at private farms and Index of purchased goods and services at private farms, to reflect both changes in prices of means of agricultural production and the inflation rate. This is the methodology used by GUS.
Subsidies EUROSTAT (2014a). Values at current prices
The index of total subsidies (t-1 = 100) is calculated using the sum of output subsidies and producer subsidies (according to EAA "other subsidies on production").
Note: *2004 was the year of Poland's accession to the EU, and rates of subsidies in agriculture rose by hundreds of percent. Replacement was necessary because such high values could strongly influence the model, artificially increasing R 2 . Source: own study.
Next, subsidies under agricultural policy, divided into "production subsidies" and "farmer subsidies" (area payments), according to the EAA classification, were included in the function. The following analytical forms of functions with subsidies were calculated:
where: S sub -economic surplus rate with total subsidies (index, t-1 = 100); S sout -economic surplus rate with output subsidies only (index, t-1 = 100); D -total subsidies rate (index, t-1 = 100); D out -output subsides rate (index, t-1 = 100); D prod -producer subsidies rate (index, t-1 = 100); a, g -parameters; other symbols -as in formula 1). In Eq. (5), only production subsidies (in the form of a growth rate) were considered, as farmer subsidies turned out to be statistically insignificant and considerably lowered the degree of function matching.
Methods of non-linear estimation (Gauss-Newton) and linear regression (y = 1/x transformation type, least squares method) were used to estimate the function parameters. Then standardized B coefficients and partial and semi-partial correlation coefficients were calculated to evaluate the relative input of individual variables in different function variants. DW (Durbin-Watson) statistics were also estimated, to determine the risk of serial correlation -there is no serial correlation in models 2) and 5), DW tests for model 3) and 4) are inconclusive, however these models are less important for conclusions because of insignificant "producer subsidies rate" variable. The normality of the distribution of residuals was positively checked.
Results
On the basis of the graph (Fig. 1 ) of the variables from Eq. (2), it may be stated that there is a high probability of positive correlation of "price gap" and negative correlation of real productivity of production factors (one-year delayed, in fixed prices from the previous year) with the surplus index. The graph also suggests that the variables do not share a common trend and that the risk of spurious regression is small, which is confirmed by stationarity tests (the risk of spurious regression is lower owing to the fact that the variables are expressed in the form of growth rates and indices).
The above observations were confirmed following the estimation of the parameters of function 2, which turned out to be quite well adjusted to the series of data (R2 = 0.8, all variables were statistically significant, a = 0.05, standard estimation error < 10%) -see Table 3 . Note: 1 The difference between semi-partial and partial correlation is that in the case of semi-partial correlation, we refer a part of the X 1 variable (without that part of X 1 which, together with other X i predictors, is correlated with the Y variable) to the "entire" Y variable (it thus reflects the "lone" influence of X on Y). In partial correlation, we refer the X 1 variable to a part of the Y variable (the part which is not explained by other X i variables). It therefore informs us about the size of the influence that a particular variable has on the dependent variable, but only that part of its variance which has not yet been explained by other analyzed predictors. Source: Calculations performed using StatSoft STATISTICA software.
The interpretation of the hyperbolic dependency of productivity and income proves, for d = 1.1 under the ceteris paribus condition, that an increase in the real productivity of agriculture by 10% in the previous period leads to a decrease in the income rate, also by 10% (see Table 3 and 10), and that the rate of these decreases is slowing. On the other hand, it means that only a relatively high acceleration of productivity increase against the previous year, i.e. exceeding 10% a year, results in negative income growth rate in a subsequent period, under the ceteris paribus condition. By contrast, the average rate of productivity changes throughout the year is only 1.8% in the analysed period (geometrical mean). A macroeconomic evaluation of these phenomena is presented later in this paper. It should be borne in mind, however, that we are presently considering the variant without agricultural policy subsidies.
The estimation of model 3 parameters leads to interesting conclusions concerning the influence of intervention on market mechanisms in Polish agriculture (see Table 5 ). 
On the basis of standardized Beta coefficients and partial and semi-partial correlations, we concluded that price scissors continue to play a dominating role in explaining the changes in agricultural incomes, followed by subsidies (with a contribution smaller by approximately one third) and, similarly, productivity of production factors. This shows that agricultural intervention under CAP lowers market risk only by an insignificant amount, while price gap and real productivity of production factors explain over one half of income volatility in agriculture. Interestingly, however, the parameter analysed above with the "productivity" variable, in the model with subsidies, is lower than 1 (it is approximately 0.86 -see Table 5 ). This means that an increase in the real productivity of factors by 10% is accompanied by a decrease in incomes by almost 8%, ceteris paribus (in the model without subsidies, the decrease was 10%), which suggests a relaxation of King's effect (marginal falls in income per unit productivity growth are smaller). On the other hand, it means that any acceleration in productivity growth compared to the previous year results in a negative income growth rate in the subsequent period, under the ceteris paribus condition (see Table 10 ), which reinforces the negative market effect. Estimation of the parameters of models 4 and 5, in which subsidies are divided into production support (including PROW -Polish Rural Development Plan) and direct payments (mainly area payments), brings new information in addition to the mechanisms described above. The models assume the following form: 
In model 4, the influence of direct support on income changes turned out to be statistically insignificant (see Table 7 ). Model 5 was therefore estimated, including only subsidies supporting production. Of all the models, model 5 was adjusted best, with R 2 = 0.89, standard estimation error 7% -see Table 8 (linear and non-linear estimation using the Gauss-Newton method gave the same results). Two facts are interesting. Firstly, direct subsidies considerably reduced the influence of "price gap", and consequently of price variables (including marketing prices, prices of means of production and inflation), on income dynamics. After this type of support was excluded from the model, the semi-partial correlation coefficient for the "price gap" variable rose from 0.54 (Table 6 ) to 0.74 (Table 9 ) (that is, in model 5, "price gap", without the influence of other independent variables, explain up to 74% of surplus rate volatility in agriculture). The influence of price gaps therefore close to that found in model 2, which excludes all subsidies (Table 4 ). Secondly, in the last evaluated model, the parameter with the "productivity" variable is again closer to 1 (it is about 0.95 -see Table 8 ). This shows that, in comparison with the model that includes subsidies, there is a larger marginal income change in response to growth in productivity (see Table 10 ), but this is accompanied by a higher threshold for a positive income growth rate (for models 1, 2 and 4, the threshold was at productivity rates of 10%, -14% and -5% respectively, i.e. these were the maximum productivity change rates for which incomes did not drop, ceteris paribus). 
Conclusions and discussion
Despite the changes taking place in agriculture, King's Law still operates, although its character has changed. King's effect occurs with a delay, as a result of adaptive expectations in agriculture. This is an objective premise of state intervention in agriculture, because the effect should be treated as a market failure, which results from the fact that the market is unable to evaluate public goods (Bonini et al. 2015) . Nevertheless, promoting an industrial model of agriculture in Poland (Kowalski et al. 2011) and pushing the growth of efficiency of production factors "at all costs" mainly serves the food industry, which appropriates the rents from the growing productivity of agriculture. Evolution of the European model of agriculture towards sustainable agriculture is therefore justified (Öhlund et al. 2015) . The thesis that growth achieved by increasing capital productivity not only causes negative external effects, but also does not guarantee adequate growth of agricultural incomes ) is thus confirmed. Methods of subsidizing agriculture should nonetheless compensate for market failures, not reinforce the mechanisms of their formation. Direct (decoupled) subsidies considerably reduce the influence of "price gap" on agricultural incomes, and at the same time reinforce King's effect. That is, they make it possible for farmers to sell products far below the costs of their production, a fact of which purchasers of raw materials take advantage. Contemporary production subsidies -the Rural Development Plan from the CAP second pillar -are more effective. The European Union's agricultural policy should aim towards market valorisation of the public goods provided by agriculture, and towards a decrease in the price flexibility of agricultural raw materials at the processing stage (Tomek, Robinson 2001) . This can be achieved by, among other things, stimulating integration processes in agriculture, developing organic farming and improving the image of traditional agriculture. A subsidized agricultural insurance system, not area payments, should be used as a counterweight to expanding price gap ). If we look for optimizing solutions in the new programming period of the CAP (2014-2020), a national flexibility of the pillars should be maximally used in terms of the so called modulation, i.e. shifting of funds from the Ist to IInd pillar. However, it is commonly known that such solution is a very unpopular one in the new member countries of the UE13, while the area payments are being maximised mainly the political reasons.
In the light of the above considerations, it is timely to take a look at available study results concerning the elasticity of demand and supply in agriculture. It is beyond any doubt that the demand for massively produced food is characterized by low price elasticity, though relatively higher in countries with lower per capita income. This dependency is a result of both "forced consumption of food" and a demand barrier in agriculture (Daszkowska 2008) . Demand elasticity is also higher in the case of specialist crops and animal production than in the case of products which have been granted institutional support (Tweeten, Zulauf 2008) .
As regards the supply of food products, low price elasticity is a characteristic feature here too (Nerlove 1956 ). It should be borne in mind, however, that globally, farmers continue to adjust their decisions on the allocation of land resources for plant production purposes in response to changes in the prices of agricultural products (Haile et al. 2013) . This phenomenon gains in significance in view of the increasing foreign investment in the agricultural sector, and the growing demand for biofuels. It is suggested that, because of international integration, which allows the export of surplus production of food products or the import of goods in deficit periods, it is possible to lower the elasticity of supply (Musiał, Wojewodzic 2013 ). This phenomenon is identifiable today in reference to EU member states. Lower price elasticity of supply has a negative influence on the shaping of rational price expectations in agriculture (they are less rational and more adaptive), particularly under conditions of a declining trend in prices of agricultural products. The authors' analysis fails to bear out the popular thesis that all CAP support instruments (price and market intervention, supporting agricultural incomes direct payments) reduce price volatility (Kiryluk-Dryjska, Baer-Nawrocka 2010), favour greater price predictability and lead to more accurate production-related decisions by farmers (Gerson, Fen 2013) . The models developed prove that direct payments reduce the market's influence on farmers' incomes only ostensibly (Rembisz, Sielska 2013; Cunha, Swinbank 2011) , because they simultaneously reinforce King's Law. 
